With increasing population, coupled with land shortage and weather variations, wetlands in Uganda have continued to face degradation due to mainly conversion for agricultural, industrial and settlement purposes. The objective of this study was to determine the spatial and temporal wetland use/cover changes and local perceptions attributed to these changes. The study utilized three sets of ortho-rectified and cloud free Landsat TM/ETM+/MSS temporal images (30 m) of 1986, 2000 and 2011. The classification procedures were carried out using an Integrated Land and Water Information System (ILWIS) software version 3.7. A wetland classification system for Uganda developed by the National Biomass Study, 2003 was adopted to describe the wetland use/cover types. The classified images were validated in a ground truthing exercise using Global Positioning System (GPS) to improve on the classification accuracy. Key informant interviews and focus group discussions were conducted with communities adjacent to the wetlands in each of three of the ten Ugandan agro-ecological zones to determine the underlying drivers of wetland use/cover changes, while household interviews generated information on local perceptions of the changes. Significant changes were mainly observed in wetland use/cover between 1986 and 2011. Major factors responsible for these changes were subsistence farming due to intensification of growing paddy rice in Kyoga plains, an influx of migrants who accessed wetlands for daily subsistence (livestock grazing) in South western farmlands and proximity to urban centres in the Lake Victoria Crescent. In all the sampled agro-ecological zones, increased crop farming in wetlands was due to changing opportunities created by existent large markets for wetland crops. Majority (60%) of the local people perceived wetlands in their proximity to have undergone high degradation within the last 10 years, and to have declined in quantity and quality of vegetation, soil fertility and water levels. There was a noticeable variation across the sampled agro-ecological zones, with the highest proportion of local communities perceiving degradation being in Kyoga plains (76%), followed by Lake Victoria crescent (63%) and South-western farmlands (41%). Locally perceived threats to wetlands were mainly from crop growing that accounted for 33% of the frequency of mentioned threats, collection of wetland resources (30%), and prolonged floods and droughts (12%). This study confirms the importance of economic opportunities from new market outlets and migration in its various forms as key factors in land use change, especially at timescales of a couple of decades.
Introduction
Wetlands are an important resource in sub-Saharan Africa that sustains rural livelihoods, particularly in areas with low or unpredictable rainfall, land scarcity or where uplands have poor soil characteristics and thus low potential for agriculture (Dixon, 2002; Dixon & Wood, 2003; Halima & Munishi, 2009; Rebelo et al., 2010) .
Wetlands play an important role in maintaining environmental quality, sustaining livelihoods and supporting biodiversity, which in turn support many of the regulating services that sustain agriculture (Falkenmark, Finlayson, & Gordon, 2007) . In drier regions, wetlands may be the only sites where people can get water, collect food and other basic supplies (Masiyandima, McCartney, & Van Koppen 2004; Mwakubo & Obare, 2009 ). In Uganda, it is estimated that over 50% of the total wetlands are under some form of human use to provide materials for domestic use but also generate some cash through collection and sale of roofing materials, fodder, water, raw materials for crafts, and from activities such as beekeeping, fishing, hunting and direct cultivation of food (Maclean, Tinch, Hassall, & Boar, 2003) . In Uganda, the wetland sector is estimated to employ at least 2.7 million people (nearly 10% of the total population) (WMD, 2009; GoU, 2010) . As a snapshot, wetland resources generate an estimated US$432 per year to an average participating Ugandan household (Turyahabwe et al., 2013) .
However, human use of wetlands is bound to alter wetland cover, if not well planned. A rapid change in wetland cover has been witnessed in Uganda over the recent decades; hastened by pressure for industrial expansion, especially in urban areas and the increasing annual population growth rate, estimated at 3.7% by 2002 (WMD, 2009 . Consequently, Uganda has lost about 11,268 km 2 of wetland, down from 37,575 km 2 (15.6% of the nation's land area (199810 km 2 ) in 1994 to about 26,308 km 2 (10.9%) in 2009, which represents a loss of 30% of the country's wetlands (WMD, 2009) . Uganda is a party to the Ramsar Convention and local use of wetlands can thus be accorded international legitimacy only to the extent allowed within the framework of the Convention. Besides, there is a need to maintain a good balance between use and conservation of wetlands in view of promoting joint attainment of two of the most important contemporary societal goals -i.e. the first of the Millennium Development Goals (MDGs) -eradication of extreme poverty and hunger -and MDG 7 that seeks to promote environmental sustainability (UN, 2008 ). An assessment of the temporal patterns of changes in wetland cover can serve as a basis for development of mitigation strategies and contribute to achieving the two MDGs. The objective of this study was to determine the spatial and temporal wetland use/cover changes and local perceptions from the adjacent communities about effects of the change in Uganda. The base time period chosen is 1986, when the government restored law and order in the institutions for the governance of most natural resources including wetlands, extending to 2011 when this study was conducted.
Study Area and Methods

Study Area
Three of the ten Ugandan agro-ecological zones (Kyoga plains, South western farmlands, and Lake Victoria Crescent) were randomly selected for the study (Figure 1 ). Wetlands in each of the three zones were categorised into strata based on a national system for wetland characterization, which identifies four ecological and socio-economic factors. The four factors used included agro-ecological factors of a wetland system, population density, farming system, and level of food security (MWLE, 2003) . From the strata, random selection was used to sample two wetlands from each of the agro-ecological zones giving a total of six study sites.  Opeta and Gogonyo wetlands in Pallisa district and Limoto wetland in Kibuku district were selected to represent Kyoga plains. This zone is characterized by small-scale subsistence agriculture, mainly of annual crops, some pastoralism and a high level of food insecurity. The human population density is moderate at 252 persons per km 2 . The annual rainfall range is 900-1500 mm, and the vegetation is mainly composed of savanna species (Pallisa District, 2004) .  Lake Nakivale in Isingiro district and Rucece wetland in Mbarara district were selected to represent the South western farmlands agro-ecological zone; with a moderate level of food security and moderate population density of about 247 persons per km 2 . Annual rainfall averages about 957 mm and the vegetation is largely a combination of bush lands and short grass, suitable for animal grazing.

Munyere and Mabamba Bay wetlands in Wakiso district were selected to represent the Lake Victoria Crescent, a high population density zone (484 persons per km 2 ), with a medium level of food security (WFP 2009) . The mean annual rainfall in the Lake Victoria Crescent is about 1320 mm. The vegetation varies from medium altitude evergreen forest, through medium altitude moist semi-deciduous forests, savannas and swamps (Directorate of Water Development, 2010). The study takes 1986 as a base year because it is the time when the National Resistance Movement government came into power and started reforming institutions for governing natural resources, including wetlands. As part of policy reforms, the government also put a ban on large scale wetland drainage, to enable the process of formulation of a National Wetlands Conservation and Management policy to take place. The images were classified using a manual classification approach for information extraction. Inaccurate wetland information could be extracted if both unsupervised and supervised classifications approaches were applied. This is due to the non-homogeneity of vegetation types in and around Uganda's wetland systems. The classification procedures were carried out using an Integrated Land and Water Information System (ILWIS) software version 3.7. To describe the wetland use/cover types, the study adopted a wetland classification system for Uganda developed by the National Biomass Study of 2003 (MWLE, 2003 . Seven (7) wetland cover types were thus identified (Table 1) . 
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The classified images were validated in a ground truthing exercise that involved use of a Global Positioning System (GPS) to collect geographic coordinates for each wetland cover type. The validation exercise improved the image classification accuracy. Three (3) focus group discussions were also conducted in the three agro-ecological sampled zones, each comprising of 6-12 local residents. Participants were purposefully selected basing on their knowledge on wetland use/cover changes, duration of residence in the selected adjacent wetlands and utilisation of wetland products/resources. Key informant interviews were held with staff from the Districts Natural Resources and Production Departments and the National Agricultural Advisory Services (NAADS) section of the respective District and Sub county Local Governments.
Local Perceptions of Wetlands Use/Cover Change
To examine local perceptions of change in wetland use/cover, we administered semi-structured interviews among two hundred forty seven (247) households randomly selected from within a 5 km distance from the boundaries of the sampled wetlands. This included 81 households selected from the wetlands in the Lake Victoria crescent, 82 from South western farmlands, and another 84 from Kyoga plains. The non-uniformity in the total number of local residents interviewed was due to the sparse settlements and limited access to settled areas in the sampled zones. Within the selected households, the survey targeted household heads, but for practical reasons in the few instances where these were not at home, the most knowledgeable and senior of the adults present was interviewed. Before conducting each interview, the purpose of the study was explained to each respondent as purely scientific and academic. Since some respondents accessed wetlands illegally, it was emphasised that our study had no legal implications whatsoever. Respondents were in addition assured of anonymity and confidentiality and that participation was purely voluntary. Given the human difficulty in recalling events deep in the past, local perception of wetland use/cover change was limited to the last 10 years and the change explicitly classified by inquiring if the adjacent wetland(s) had been degraded over the last 10 years. All interviews were carried out in a common local language for each study site. The survey tools were pre-tested in areas that were not part of the sample. This allowed the interviewers familiarity with the tool, but also application and review of the method.
Results and Discussion
Spatial and Temporal changes in Wetland Use/Cover
For the period 1986, 2000 and 2011, open water was the most predominant wetland cover type within the Lake Victoria Crescent, papyrus in the Kyoga plains and seasonal bushes and thickets in the South western farmlands ( Figure 2 , Table 2 ). However, there have been more significant changes in other wetland use/cover types between 1986 and 2011 in the sampled agro-ecological zones. These changes are mainly seen in significant losses of land experienced in seasonal woodlands, bushes and thickets. The continued loss of seasonal woodlands, bushes and thickets to other wetland use/cover types was mainly responsible for the large differences between1986-2000 and 1986-2011 in the total area for zones 2 and 3.
The three agro-ecological zones support different land cover types, but a number of general observations were made. There were changes in wetland use/cover between 1986 and 2011, with the magnitude of changes varying 2, No. 4; 2013 between agro-ecological zones ( Figure 1 , Table 2 ). The changes were seen in percentage gain or loss of land by wetland use/cover types. Between 1986 and 2000, the most pronounced changes were in the Lake Victoria crescent and south western farmlands (Figure 3) . In both areas, the percentage changes related to subsistence farming; 950% increment in coverage by permanent subsistence farming and 1167% in seasonal subsistence farming in the former. In the latter, coverage by seasonal subsistence farming increased by 767%.
Increments in wetland areas under subsistence farming in the Lake Victoria Crescent emanate from proximity to urban areas of Kampala (the capital city), Wakiso, Entebbe, Mukono and Jinja (formerly, an industrial city). Urban poor people frequently depend on wetlands for food production, but also the populations in the urban areas create markets for wetland produce, and thus encourage wetland use (Tejuoso, 2006) . Changes in the South western farmlands can be attributed to an influx of refugees from the Democratic Republic of Congo, Rwanda, Eritrea, Ethiopia, Kenya, Sudan, Burundi, and Somalia. These are refugees who have fled their respective countries following internal instabilities including the 1994 Rwanda genocide and civil wars in other countries. These refugees are settled under the self reliance strategy of the United Nations High Commission for Refugees (UNHCR) and are thus expected to be self reliant (in terms of food, shelter and income), but not to depend on hand outs. This way they end up turning to wetlands for subsistence, since these are frequently viewed as common or open access resources. Increased permanent and subsistence farming in the Kyoga plains is mainly from intensified paddy rice growing in wetland areas. 1 = Lake Victoria crescent, 2 = Kyoga plains, and 3 = south western farmlands *** The percentages under Total wetland coverage are in terms of total area for the zone whereas those for the change are in terms of the initial area in 1986 for the cover type. The missing wetland use/cover types in other zones are due to the different lacustrine bound vegetation and human interference.
Agro-ecological zone 1 had the highest total land area (1325 sq.km), followed by zone 2 with 857.9 sq.km and lastly zone 3 with 474 sq.km. (Figure 4 ). In the Lake Victoria Crescent, reasons for increment are the same as between 1986 and 2000, but the slower rate of increment can be attributed to a ban by government on large-scale wetland drainage and improved regulation on wetland use following the establishment of a national wetlands programme in 1989. The programme sought to develop a National Wetlands Conservation and Management Policy to guide wetland users and the government on best practices. As a result, a National wetland conservation and management policy was enacted in 1995 and provisions on wetland use were also included in important legislations such as the 1995 Constitution of the Republic of Uganda, 1995 National Environment Statute that established a National Environmental Management Authority, 1995 Water Statute, the 1997 Local Government Act (GoU, 1997). In the Kyoga plains, increments are because small scale farmers took to paddy rice growing in that period (NEMA, 2008) . The most pronounced change in the south western farmlands was a decline in seasonal bushes and thickets, permanent grasslands and seasonal grasslands due to pressure from livestock grazing by pastoralists in the area and the collection of grass for mulching banana plantations. The zone is a major producer of bananas in Uganda. The trend for increasing conversion of wetlands for subsistence farming is clearer when 2011 coverage is compared with that of 1986 particularly in the Lake Victoria crescent and Kyoga plains ( Figure 5 ). Subsistence farming is the main source of livelihood for rural households in Uganda. In Turyahabwe et al.'s (2013) recent study among households in the same zones, over 80% of the respondents reported wetlands to contribute enormously to household food security partly through use for subsistence production. This is not unique to Uganda and other studies have reported an increasingly central role of wetlands in securing livelihoods in rural areas of developing countries by helping households to cope with vagaries of climate and weather changes and declining soil fertilty (e.g. see McCartney and van Koppen, 2004; Thompson et al. 2010) . Wetlands are also a main resource that the urban poor, as in the case of the Lake Victoria crescent, draw upon to meet own subsistence (Tejuoso, 2006) . Reduced wetland cover changes in the Kyoga plains are attributable to the gradual substitution of traditional cropping systems with paddy rice and vegetable growing, both of which need wetlands. The prices of both rice and vegetables have been increasing and in the process lured more households into rice and vegetable production and more land is sought from wetlands to meet this growing need (NEMA, 2008) .
Reports from the focus group discussions in the Kyoga plains indicated that most farmers have resorted to use of wetlands for crop farming due to declined fertility of the upland agricultural areas. 
Local Perceptions of Wetland Cover Change
Up to 60% of the respondents perceived wetlands in their proximity to have undergone degradation within the last 10 years. However, there was some variation across agro-ecological zones in the extent to which local people viewed their wetlands as degraded. The highest proportion perceiving degradation was in Kyoga plains (76%); followed by Lake Victoria crescent (63%) and the least proportion in South western farmlands (41%), where a much larger proportion of the respondents (56%) explicitly reported perceiving no degradation of the wetland(s) in their vicinity ( Figure 6 ). Local perceptions seem to be consistent with the trends recorded during this study for the spatial and temporal analyses of wetland change from satellite imagery. Residents of Kyoga plains are more likely to perceive wetland degradation because wetland change is a recent phenomenon following the gradual substitution of traditional cropping systems with paddy rice and vegetable growing, which was reported during the FGDs to have intensified during the 1980s. On the other hand, a smaller percentage of residents of South western farmlands perceived degradation of wetlands in their proximity possibly because many are immigrants and relatively recent arrivals with limited comprehension of the temporal changes. The most frequent signs or features perceived to indicate wetland degradation were decline in quantity and quality of vegetation (24%), reduced water level (22%) and local farmers cultivating close to the boundaries of the wetlands (13%) ( Table 3) . Burning of swamps 7
Reduced fish 7
Reduced productivity of wetland 3
Open sand pits 2
Reduced wetland animals 2
Locally perceived threats to wetlands included on one hand natural events in the form of floods and droughts (12%), and on the other human activities including collection of wetland resources (30%) and use of wetland resources where crop growing featured prominently accounting for 33% of the frequency of mentioned threats (Table 4) . Use of wetland
Growing crops in wetlands 21
Growing crops close to wetlands 12
Drainage channels 10
Bush burning 9
Construction work 2
Poor farming methods 2
Consumptive human use of wetlands dominates the list of threats identified by the local people. During the focus group discussions, respondents indicated that crop growing in wetlands had led to drying of water springs and wells in adjacent areas. However, the respondents reported that no deliberate efforts have been put in place to promote technological innovations to minimize the impacts from crop growing.
Conclusion
This study has provided data to show that there have been significant changes in wetland cover in Uganda between 1986 and 2011. A major factor responsible for these changes was subsistence farming mainly due to intensification of growing of paddy rice in Kyoga plains, an influx of migrants who access wetlands for daily subsistence in South western farmlands and proximity to urban centres in the Lake Victoria Crescent. In all the agro-ecological zones, increased crop farming in wetlands was due to changing opportunities created by markets for wetland produce. This study thus supports earlier observation that eeconomic opportunities resulting from new market outlets are a key factor in land use change (Hecht, 1985; Angelsen, 1995; Imbernon, 1999; Tejuoso, 2006) . The study also confirmed that migration in its various forms is the most important demographic factor causing land-use change, especially at timescales of a couple of decades (Angelsen & Kaimowitz, 1999; Geist, 2002) . The study found out that wetland drainage has led to socio-economic consequences of losing water supply sources such as springs and wells, which was mainly reported in the Kyoga plains.
